Developmental appearance of pineal adrenergic-->guanosine 3',5'-monophosphate response is determined by a process down-stream from elevation of intracellular Ca2+: possible involvement of a diffusible factor.
Adrenergic stimulation of the adult pineal gland increases cAMP and cGMP production by over 100-fold. beta-Adrenergic stimulation results in Gs alpha-mediated cyclase activation; alpha 1-adrenergic activation potentiates the beta-adrenergic effects through mechanisms mediated by the intracellular Ca2+ concentration ([Ca2+]i) and Ca(2+)-phospholipid-dependent protein kinase. Development analysis of these responses has indicated that the adrenergic stimulation of cAMP is present several days after birth, but the cGMP response develops only after the second week of life. In the study presented here, the adrenergic-->cGMP response was analyzed in pineal glands from 10- and 25-day-old rats, with the intention of determining the basis of the developmental appearance of this response. Organ culture and tissue homogenate studies indicated that guanylate cyclase activity, cGMP phosphodiesterase activity, and adrenergic elevation of phospholipase-A2 were similar in pineal glands from 10- and 25-day-old rats. Norepinephrine stimulated an increase in [Ca2+]i in dispersed pinealocytes from 10-day-old rats, as has been previously demonstrated in adult pinealocytes. In contrast, several treatments that elevate [Ca2+]i had no effect on cGMP accumulation in forskolin-treated or beta-adrenergically activated glands from 10-day-old rats, but were fully effective in similarly treated glands from 25-day-old rats. However, glands from 10-day-old animals showed a 33-fold accumulation of cGMP when they were cultured together with glands from 25-day-old rats. These studies indicate that whereas many elements in the system that mediate adrenergic regulation of pineal cGMP are fully developed at 10 days of age, the developmental appearance of the cGMP response is triggered by the development of a process down-stream of the alpha 1-adrenergic stimulation of [Ca2+]i, and this process may involve a diffusible factor.